± 0.002 agrees with O. 102 ± O. 003, the average of the isotopic abundance data for Ti of A. 0. Nier and J. E. Hogg, as given in Lederer, Hollander, and Perlman. 3 The TiO+ /TiO~ intensity ratios, their trends with time, and the TiO~ fragmentation of less than 2.5 ± 1. 3 percent are all consistent with the known vaporization behavior of the Ti-O system. That the value is a clear upper limit arises because the measurements were performed after some slight decomposition of TiOz(s) had occurred and because the Ti0 2 measurement was made later than the TiO+ oneo Hampson and Gilles1,z observed mass spectrometrically a TiO+ /TiO~ ratio of about 0.25 at the beginning of their experiments with Ti 4 0 7 • Even if the fragmentation of TiO~ is 4 percent, which is the upper limit including the uncertainty, they made a negligible error by assuming that the only source of TiO+ was TiO(g). Similarily, the work of Wu and Wahlbeck,4 Liu and Wahlbeck,5 Drowart, Coppens, and Smoes, 6 and Balducci, DeMaria, Guido, and Piacente 7 should not suffer because of fragmentation of TiOi. Only in much more oxygen-rich phases could fragmentation of TiO; cause a significant error.
The TiO+ /TiO~ intensity ratios, their trends with time, and the TiO~ fragmentation of less than 2.5 ± 1. 3 percent are all consistent with the known vaporization behavior of the Ti-O system. That the value is a clear upper limit arises because the measurements were performed after some slight decomposition of TiOz(s) had occurred and because the Ti0 2 measurement was made later than the TiO+ oneo Hampson and Gilles1,z observed mass spectrometrically a TiO+ /TiO~ ratio of about 0.25 at the beginning of their experiments with Ti 4 0 7 • Even if the fragmentation of TiO~ is 4 percent, which is the upper limit including the uncertainty, they made a negligible error by assuming that the only source of TiO+ was TiO(g). Similarily, the work of Wu and Wahlbeck,4 Liu and Wahlbeck, 5 Drowart, Coppens, and Smoes, 6 and Balducci, DeMaria, Guido, and Piacente 7 should not suffer because of fragmentation of TiOi. Only in much more oxygen-rich phases could fragmentation of TiO; cause a significant error.
The advantage of using the entire shutter profile areas instead of merely measuring intensities with shutter open and closed is that the extreme care in setting the open position, a matter of great importance for ions of low intenSity, is not required. In addition, we doubt that results with the reliability reported here could have been obtained without the data acquisition and equipment control system. So much slow human activity would have been required that the chemical system would have changed too much during the time consumed.
The authors are pleased to acknowledge the support of the United States Atomic Energy Commission under Contract No. AT(1l-1)-1l40 which provided most of the equipment and personnel funds, and the National Science Foundation under grant GJ -32213 which provided most of the data acquisition equipment funds and some of the personnel funds. We thank Robert I. Sheldon for help with the experimental work. (Received 27 August 1975) Three prerequisites for the separation of isotopes by photochemical means are: (1) selective excitation of the desired isotopic species; (2) preferential reaction of the excited isotopic species with a scavenger; and (3) separation of the photoproducts from the reaction mixture without the occurrence of appreciable isotopic scrambling. In a previous report! we described the photochemical separation of sSCI and s7CI in which a 1: 1 mixture of iodine monochloride and the scavenger, 1,2 dibromoethylene (cis, trans mixture) at 20 torr total pressure is irradiated by a cw dye laser. The dye laser has an output 3 A wide and is tuned to the (18,0) bandhead (6054 .A.) of the I 37 Cl A 3nl-xl~o band system. The reaction products are separated by liquid-gas chromatography and analyzed using a Niertype mass spectrometer. The photoproducts are found to be enriched in 37Cl. In particular, the photoproduct, trans-CIHC=CHCI, showed a change in the ratio of the 35 to 37 mass peak from 3. 01 for naturally occurring trans-dichloroethylene to 2. 0 for the photoproduct. It was suggested that this isotopic enrichment could be improved if the 3 A laser linewidth were narrowed sufficiently to pump individual I 37 CI absorption lines. This has been demonstrated in our laboratory using the novel means of nonlinear intracavity absorption to achieve an enrichment factor of about 17 on milligram samples.
The technique generally used for narrowing the output of a dye laser is to operate it on a single mode and to lock it to a particular absorption line (here a line of I 37 Cl) by means of etalons. An alternative procedure, described below, is to insert an absorption cell of f 5 Cl inside the cavity of a broad-band dye laser, therby locking it off those unwanted output frequencies that can excite r 35 CI in the external reaction mixture. The former procedure requires a detailed knowledge of the high resolution spectrum of the molecule being excited, and has . the disadvantages that the dye laser delivers less power than when it is run broad band and the number r 37 CI molecules in the reaction mixture that can absorb the laser light is limited to the population of one particular ground state level. However, the latter procedure requires no prior knowledge of the high resolution spectrum of the molecule being excited, and has the advantage that the dye laser power is redistributed into wavelengths that can be absorbed by many different r 37 Cl molecules in the reaction mixture.
It is well-known that placing a molecular absorber in the cavity of a broad-band dye laser causes the laser output to have "holes" at those frequencies corresponding to the molecular absorption lines. 2-8 Even the presence of very weak absorption introduces wavelength-dependent losses that decrease dramatically the intensity of the laser output at the absorption wavelength. For example, intracavity absorption enhances the detection of trace species over conventional (single-pass) absorption by a factor of 10 2 _10 3 for pulsed dye lasers 2 -4 ,6-a and 10 4 _10 5 for cw dye lasers. 5,6 This remarkable increase in sensitivity appears to be explained by the fact that the dye laser gain band is homogeneously broadened.4,5 As certain modes in the laser cavity become more lossy, these modes fail to oscillate and the remaining modes oscillate with the additional power of the quenched modes distributed among them. 9 Figure 1 shows the schematic arrangement used to excite selectively 1 37 CI in a reaction mixture of the rCI and BrHC=CHBr. It consists of a three-mirror laser cavity, 10-12 with a rhOdamine 6G dye jet 13 set at Brewster's angle to the 5145 ' A TEMoo pump line of a tungsten-bore argon-ion laser (Control Laser model 554). The intracavity absorption cell contains about 3 torr of 1 35 CI and has quartz windows fused onto its 5 cm long cylindrical body at Brewster's angle. 14 The power of the dye laser output with the intracavity cell is about 8 mW and the reaction vessel is irradiated normally for three hours before the photoproducts are separated and collected using a preparative gas chromatograph. 37 ratio in the trans-ClHC=CHCl photoproduct is 0.18, corresponding to 84.7% 37Cl content. This degree of enrichment is comparable to that commercially available. Moreover, this single-step photochemical process is easily scaled, if desired.
In conclusion, we have demonstrated that intracavity absorption in a broad-band dye laser permits photochemical isotope separation with high efficiency. Because of its generality, simpliCity, and inherent stability, intracavity absorption techniques may find wide usage in photochemical processing whenever there is the requirement to excite selectively one species in a mixture containing more than one component that absorbs light in the same spectral region.
*Support by the National Science Foundation is gratefully acknowledged. ton sabbatical. Permanent address: Natural Sciences 2, University of California at Santa Cruz, Santa Cruz, CA IEEE J. Quantum Electron. QE-8, 373 (1972) . 12A. Dienes, E. P. Ippen, and C. V. Shank, IEEE J. Quantum Electron. QE-8, 388 (1972) . 13C• V. Shank, J. Edighoffer, A. Dienes, and E. P. Ippen, COMMENTS opt. Commun. 7, 176 (1973 (Received 5 September 1975) Recently one of us 1 used a near-adiabatic (perturbed stationary states) approximation in an investigation of the collinear vibrational excitation of a harmonic oscillator. This approximation reduced the problem to that of obtaining transition probabilities for a harmonic oscillator with a time-dependent forcing function. Cady derived an apparently exact solution for this problem. We show here that this solution is not exact but that the solution results from making a further adiabatic approximation and give a derivation that clearly shows the adiabatic character of this further approximation.
The additional approximation in the earlier derivation arises from the assumption [equation below (11) 
(1)
Here p, q are momenta and poSition coordinates of an oscillator with unit mass and time-varying frequency
Thus, the Magnus expansion was actually truncated after the first term. Popov and Perelomov 2 have investigated the forced oscillator with varying frequency and obtained the general solution for the wavefunction. However, because of algebraic difficulties, they were able to obtain a closed form expression only for 0-n transition probabilities. The wavefunction has also been obtained independently by Chapuisat and Manz: 3 Since we wish to use the exact solution,2 we switch to their notation (1i=1) to solve the time-dependent SchrOdinger equation with Hamiltonian (2) Thisf is related to that used in Eq. (8) 
where ~w(t) = w(t) -w This form of WKB solution will be valid pr~ided w 2 *0, i. e., the oscillator is always subjected to a restoring force. In this approximation there is no reflection so that the parameters 2 p, r, and aa have the values 0, 1, and 0, respectively. Itisthisabsenceofreflection which yields sufficient Simplification to enable all the transition probabilities to be calculated in closed form. USing (5) the wavefunction is given by2 
